Solar ultraviolet (UV) irradiances were measured with NILU-UV multichannel radiometers at Ushuaia (54 • S) and Marambio (64 • S) between 2000 and 2013. The measurements were part of the Antarctic NILU-UV network, which was started in cooperation between Spain, Argentina and Finland. The erythemally weighted UV irradiance time series of both stations were analyzed for the first time in this study. The quality assurance procedures included a traveling refence instrument to transfer the irradiance scale to the stations. The time series were homogenized and high quality measurements were available 5 for the period 2000-2010. During this period UV indices of 11 or more were measured on 5 and 35 days at Marambio and Ushuaia, correspondingly. At Marambio, the peak daily maximum UV index of 12 and dailydoses of around 7 kJ/m 2 were measured in November 2007. Typically the highest UV daily doses were at both stations around 6 kJ/m 2 , and they occurred on time periods, when the station was inside the polar vortex with very low total ozone amount. At both stations, dailydoses of
UV dose rates.
In this work the UV indices and daily doses, calculated from the erythemally weighted dose rates, were studied. The UV index was calculated by multiplying the erythemally weighted dose rate expressed in unit W/m 2 by 40 (e.g., WMO (1997) ).
The erythemally weighted daily doses (H) were calculated by integrating the erythemally weighted dose rates over the whole 5 day (eq. 2, T 1 =00:00 h and T 2 =23:59 h local time).
For each day of the year, daily means of daily maximum UV index and daily dose were calulated using the whole time series. From now on in this paper, these means are called "daily climatology", even if they are not real climatological means from statistical point of view as the time period is too short. Daily deviations (DEV) as percentage were calulated from these 10 means following eq. 3, where X is the daily maximum UV index or daily dose and "mean" is the mean value (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) of that day. DEV = (X − mean) mean * 100%
(3)
QC of UV data at Marambio and Ushuaia
The quality control of the NILU-UVs of Marambio and Ushuaia were performed by the operators at the station. The everyday 15 housekeeping included cleaning of the diffuser, check of leveling and clock adjustment. Regular lamp measurements were performed at the stations and the data was regularly delivered. The quality control of the NILU-UV network is explained in details in Lakkala et al. (2005) and shortly explained in the next section.
Lamp measurements
Lamp measurements were performed at the station every two weeks. A 100 W lamp was mounted on a lamp holder and placed 20 over the NILU-UV. After the warm up of the lamp, the irradiance was measured during 15 minutes with a time step of one second. The temperature of the instrument was also recorded. Each time two lamps were measured and every third time a third lamp was measured in addition. This led to different burning times of the lamps, which made it possible to detect drifts in lamp irradiances.
Each lamp test was compared to the average of the first three measurements at each channels ( Fig. 1 and 2 ). Severe drift 25 in the signal of the instrument was already detected in channels 1-4 after a couple of years of operation of the NILU-UV.
The large drifts were caused by the material from which the filters were made: They degraded due to UV radiation. After 4 years of operation, decreases up to 40% in the sensitivity of some filters were observed (Lakkala et al., 2005) . The degradation continued through the whole measurement time period. After 2010, the sensitivity of the channels 2-4 decreased more than 80% ( Fig. 1 and 2 ). Due to these large changes, it was no longer possible to correct data after 2010. Until that year, the data was corrected using the scaling of the channels to those of the traveling reference during solar comparisons (see Chapter 2.3.2).
The data of the years 2011-2013 had to be excluded from the analysis. 
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QA of the network
The quality assurance of the network was based on the use of a traveling reference to transfer the irradiance scale to the NILU-UV radiometers of Ushuaia and Marambio. The details are explained in Lakkala et al. (2005) and the procedures are shortly described in the next sections.
Traveling reference 5
The traveling reference of the network was a NILU-UV radiometer, which had filters with similar spectral responses as the NILU-UV radiometers of Ushuaia and Marambio. It was calibrated by the manufacturer in Norway in 1999, 2000, 2001, 2002, 2004, 2005, 2007 Lakkala et al., 2008) . At Ushuaia, measurements were compared to data of the SUV-100 spectroradiometer of the NSF UV monitoring network. This network also included high-latitude sites in Antarctica and the Arctic (Bernhard et al., 2010) . Measurements at 15 Ushuaia were discontinued in December 2008. The irradiance scale was traceable to NIST (Bernhard et al., 2003) .
In this study, results of the comparisons done in 2004-2012 were analysed for clear sky conditions (Tables 1 and 2) . Results prior to 2004 were analysed and discussed in Lakkala et al. (2005) . All comparisons showed that the difference between the traveling reference and the spectroradiometers was within 5% until February 2008. In 2009, the comparison against the Finnish Brewer spectroradiometer in Jokioinen showed a difference of 20% in the erythemally weighted dose rates. In 2010, 20 the NILU-UV reference radiometer was sent to Norway to be recalibrated. The next comparisons were in 2011 and 2012, when the differences were 8% and 26%, correspondingly. After 2011, the channels of the traveling reference had drifted so severely that even recalibration would not have helped, and measurements with that instrument were not possible after 2012. 
Solar comparisons to transfer the irradiance scale
The traveling reference typically visited Marambio twice and Ushuaia three times during spring-autumn. During these site visits, solar comparisons were performed to transfer the irradiance scale. Each channel of the site radiometer was scaled to the corresponding channel of the traveling reference. Thus, the calibration of the traveling reference could be used. The method is described in details in Lakkala et al. (2005) . In the method, the calibration of the site instruments relevant for solar data was 5 entirely based on the comparisons with the reference instrument and not the lamp scans described earlier.
The scaling coefficient time series is shown in Fig. 3 . The differences between the channels 1-3 of the traveling reference and the site NILU-UV were less or around 50% until 2010 for both instruments. The channel 2 of the instrument of Marambio had however smaller differences than the corresponding channel of the instrument of Ushuaia. The channel four, which degraded the fastest, had more than 80% of difference already in 2008.
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Until 2008, all measurements at Ushuaia and Marambio were scaled according to the method by (Lakkala et al., 2005) and the erythemally weighted UV dose rates were calculated. In 2009, following the results of solar comparison between the FMI Brewer spectroradiometer and the travelling reference, which showed a difference of 20%, all dose rates referenced to the travelling reference were scaled by 20% to account for the drift of this system. In 2010, the reference radiometer was recalibrated by the manufacturer, and the measurements at Ushuaia and Marambio were adjusted to match the measurements 15 of this radiometer. The reference radiometer was again compared with the FMI Brewer spectroradiometer in 2011 and UV dose rates measured by the two systems agreed to within 8%. The number of days with good measurement that were used in this study, are shown in Table 3 for each year. 
Potential vorticity analysis
Both Ushuaia and Marambio can be located inside, at the edge or outside the polar vortex. The impact of the location with respect to the polar vortex was studied by calculating the potential vorticity (PV) at Ushuaia and Marambio for measurement days. The modified PV, in which the PV was scaled to 475 K (Lait, 1994) using the ERA interim data, was used. If the PV was higher than the value 36 (in South hemisphere lower than -36), the station could be classified to be inside the vortex. At Marambio, extreme (i.e., UV indices of 11 or more, WMO (1997)) daily maximum UV indices were measured on 5 days, and the peak value of 12 was measured on 18 Nov 2007. The total ozone amount on that day was 213 DU. The daily maximum UV was very high (i.e., 8-10) on 85 days and high (i.e, 6-7) on 524 days. The daily climatological means calculated from the daily maximum UV indices (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) were highest, UV index of 6, in late November, December and January (Fig. 6) . 20 Fig. 6 shows that the daily climatological means were not symmetrically distributed around mid summer, but increased in October compared to days with the same noon-time SZA in autumn. Peak UV indices occurred between late October and late November, depending on how long the polar vortex stayed above the station. That was also the period during which the maximum UV indices deviated the most from the daily means (Fig. 7) . Also snow typically enhanced UV radiation in spring (Meinander et al., 2014) . Measured mid summer clear sky daily maximum UV indices were between 7 and 8. In June, no UV next days were 176 and 215 DU, respectively. Very high daily maximum UV index was measured on 515 days and high on 1045 days. Daily climatological means calculated from the daily maximum UV indices 2000-2010 were highest, UV index 8-9, in January (Fig. 6) . The graph of the daily climatological mean showed the same, but not as pronounced, features than at Marambio: Enhanced daily maximum UV indices in October (Fig. 7) . When the station was inside the polar vortex in October, the maximum UV indices could be as high as those measured in the summer, when they were between 10 and 11. The deviations from the daily climatological mean were calculated for each day (Fig. 8) 
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UV daily dose time series
Daily doses were strongly dependent on the total ozone amount and cloudiness conditions. For some days with low total ozone and clear sky, the daily dose time series graph showed that peak daily doses were more pronounced than peak UV indices (Fig. 4) . The highest daily doses were around 6 kJ/m 2 , at both Marambio and Ushuaia , even though the difference in latitude between these sites is 10 • . At Marambio, a daily dose of 7 kJ/m 2 was measured in 2007, when the station was inside the polar The graph of the daily climatological mean of the daily doses (Figs. 9 and 10) showed features similar to those of the daily climatological mean of maximum UV indices (Fig. 6 ). The impact of low ozone episodes in October is seen, but not as clearly as for daily maximum UV indices. At Marambio, the highest mean daily doses occurred between late November and the end of 10 December. When the station was inside the polar vortex and clear sky conditions occurred, the typical daily dose was around 5 kJ/m 2 in November. The typical daily dose was between 2.5 and 3.5 kJ/m 2 in summer, but around 4.5 kJ/m 2 on sunny days. The high fluctuation in maximum values is due to the impact of year to year changes in cloudiness and total ozone. At Ushuaia, typically daily doses were between 3 and 4 kJ/m 2 in summer. The graph of the climatological daily mean of daily doses showed maxima between late December and the end of January. Highest daily doses, between 4.5 and 5 kJ/m 2 , 15 occurred typically in late January. However, daily doses of the same amount were measured on days with clear sky and low total ozone in late November. Compared to Marambio, the period of highest daily doses was shorter. At Marambio the period of highest daily doses, over 4 kJ/m 2 , started already in the beginning of October, while it started at Ushuaia in November. At Marambio, in addition to more frequent low total ozone conditions, also the snow on the ground increased the UV irradiances due to high surface reflection of the incoming radiation. 20 Both stations were inside the polar vortex on most of the days when the daily dose deviated by more than 75% from the daily climatological mean (Fig. 11) 18 Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2017 -1193 Manuscript under review for journal Atmos. Chem. Phys. 
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After the operation of the Antarctic NILU-UV network until 2014, co-operative Argentinian-Finnish UV measurements were continued using erythemally weighted UV sensors. In cooperation between FMI and Servicio Meteorológico Nacional (SMN), Argentina, UV broadband radiometers, type SL501A manufactured by Solar Light Co., were installed in 4 February 2013 to measure the local bihemispherical UV albedo (Meinander et al., 2014) . One instrument was installed to measure UV radiation 5 reflected from the ground, and a second one to measure global UV irradiance. Using these measurements, the UV index time series could be continued, as those measurement are also traceable, via the primary calibration lamp, to the National Standard Laboratory MIKES, Aalto University, Finland. The official SL501A trace is to the primary standard of the National Institute of Standards and Technology (NIST). The difference in calibration coefficients using NIST and MIKES has been found to be less than 2%, and in comparison of spectral UV irradiance scales maintained by NIST, PTB and Aalto University (HUT), no major 10 differences have been found (Jokela et al., 2000) . Hence, the irradiance scale of these new SL501A radiometers is comparable to that of the NILU-UV measurements within 2%.
Likewise in the scientific cooperation between SMN and FMI, a new GUV-2511 multi-filter radiometer, manufactured by Biospherical Instruments Inc., was installed at Marambio in 2017. It features five channels at UV wavelengths and two channels at visible radiation wavelengths (Bernhard et al., 2005) . Two GUV radiometers were bought by FMI to ensure continuous 15 measurements at Marambio: while one of them is installed at the site, the other one is calibrated and also available for comparison campaigns. These measurements continue the NILU-UV time series, as the central wavelengths of the channels are nearly identical to those of the NILU-UV channels and the bandwidths are similar. The first calibration of the GUVs were performed by Biospherical Instruments, Inc. Comparisons with FMI's spectroradiometers showed that the measurements were within 5% from each other. These results are promising for the future of the UV time series at Marambio, and for monitoring the impact 20 of the predicted ozone layer recovery on surface UV radiation in the Antarctic. The measurements will also serve as important validation data for satellite measurements, similar to the the NILU-UV measurements previously.
Conclusions
In this paper, UV measurements from the Antarctic NILU-UV network at Marambio (64 • S) and Ushuaia (54 • S) were quality controlled and analyzed. The studied time series included measurements from 2000 to 2013. The quality assurance procedures 25 included in situ lamp measurements and solar comparisons with the traveling reference of the network.
The results showed that after the year 2010 the filters of the radiometers degraded and their sensitivity to UV radiation was reduced by more than 80% in some channels. Due to this problem, accurate data were available only until 2010. The irradiances measured by the traveling reference were compared to those of well maintained spectroradiometers in Finland and Argentina. From these results, also the traveling reference data were found to be accurate only until 2010. The data of the 30 stations of Ushuaia and Marambio were scaled to that of the traveling reference and homogenized UV irradiance time series were calculated.
In both Ushuaia's and Marambio's time series, the effect of low total ozone amount during days that the station was inside the polar vortex was clearly seen. At Marambio, daily doses for late October and November could even exceed those measured in the summer. The maximum daily dose was as large as 7 kJ/m 2 in November 2007. Highest daily doses were typically around 6 kJ/m 2 at both stations, even if the difference in latitude is 10 • . In the whole measurement period (2000-2010) there were 5 days when extreme UV indices and 85 days when very high UV indices were measured at Marambio. The highest daily 
